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LETTER OF TRANSMITTAL.

U. 8. DEPARTMENT OF AGRICULTURE,
OFFICE OF EXPERIMENT STATIONS,
Washington, D, C., September 25, 1894,

SIr: I have the honor to transmit herewith for publication as a Farmers’ Bulletin
an article on barnyard manure, preparcd under my direction by W. H. Beal, of this
Office. I feel sure that the importance of the manure produced hy domestie animals
in the economical management of onr farns is not sufficiently appreciated, and hope
that the presentation of the case in the light of the best practice allied to the most
thorough research will serve to increase the attention paid to this essential element
in suecessful farming. This bulletin will also supplement the information given in
Farmers’ Bulletin Ne. 16, on Leguminous Plants for Green Mannring and for Feeding.

Respectfully,
A. C. TRuE,
Director.
Hon. J. STERLING MORTON,
Secretary of Agriculture.
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BARNYARD MANURE.*

MANURE A8 A FARM RESOUROE.

A well-kept manure heap may be safely taken as one of the surest
indications of thrift and success in farming. Neglect of this resource
causes losses, whiech, though vast in extent, are little appreciated.
Waste of manure is either 8o common as to breed indifference or so
gilent and hidden as to escape notice.

According to recent statisties there are in the United States, in round
mumbers, 16,000,000 horses, 53,000,000 cattle, 45,200,000 hogs, and
15,000,000 sheep. Experiments indicate that if these animals were kept
installs or pens throughout the year and the manure carefully saved
the approximate value of the fertilizing eonstituents of the manure
produced by each horse annually would be $27, by each head of cattle
$19, by each hog $12, and by each sheep $2. The fertilizing value of
the manure produeed by the different elasses of farm animals of the
United States would, therefore, be for horses, $432,000,000; cattle,
$1,007,000,000; hogs, $542,400,000; and sheep, $30,000,000, or a total of
$2,071,400,000.

These estimates are based on the values usually assigned to phos-
phoric acid, potash, and nitrogen in commereial fertilizers, and are pos-
sibly somewhat too high from a praetieal standpoint. On the other
haud, it must be borne in mind that no account is taken of the value
of manure for improving the meehanical eondition and drainage of
wils, whieh, as the subsequent pages will show, is fully as important a
wnsideration as its direet fertilizing value. ’

Discussing this subject from a more practical standpoint, Prof. Roberts
has suggested 250 as a conservative estimate of the value of the
manure produced during seven winter inonths on a small farm carrying
4 horses, 20 cows, 50 sheep, and 10 pigs.

Ifwe assume that one third of the value of manure is annually lost
by present methods of management, and this estimate is undoubtedly
A conservative one, the total loss from this source in the United States,
 indicated by the first figures, would be about $690,466,000; or,

sing Roberts’s figures, the annual loss for each farm would amount to
#8333,

S @200 0900 . Ol

*In this bulletin the term ‘“barnyard manure” is used tomean the solid and liquid
terement of farm animals either alone or mixed with litter and more or less fer-
Bented,
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Tt shonld be elearly understood that when the farmer sells meat,
milk, grain, hay, fruits, vegetables, etec., from liis farm, or neglects to
save and use the manure produced, he removes from his soil a eertain
amonnt of potash, phosphorie acid, and nitrogen that must be restored
sooner or later if productiveness is to be maintained.

The following table compiled by Armsby shows the amount and
value of fertilizing constituents carried away from the soil in different
products:

Manurial value of farm products,

Pounds per ton. Value per ton. Mannrial
va.l‘ule of
0
Nitrogen. P}L":{,’}(‘f"' Potash. |Nitrogen. Pi}:f:g}:l“' Potash. { Total. | worth.

Mondow haY..eceeens 20. 42 8.2 20.4 $3.47 $0. 57 $1.06 | $5.10 $5.10
Clover hay.ceeeeveses 40,18 11.2 36.6 6.83 0.78 1.46 9.07 9.07
Potatoes ...... one 7.01 3.2 1.4 119 0.22 0.46 1.87 0.12
‘Wheat bran... 49, 16 4.0 28.6 8.35 3.82 Ll4| 13381 8.8
Linseed meal ... 105,13 82.2 24.8 17.87 2.25 0,09 2111 7.54
Cotton-seed moal 135.65 56.2 29.2 23.068 3.03 117 28.10 10.05
87.53 15.8 10.6 6.38 L1 0.42 7.901 2.6

86, 42 12.4 8.8 6.21 0.87 0.85 7.43 3.86

33.00 1.8 7.4 5.62 0.83 0.30 6.75 8.78

80. 65 15.4 9.0 6.74 1.08 0. 36 8.18 8.08

10.20 3.4 3.0 1.73 0.24 0.12 200 0.88

90.60 23.0 5.0 15.40 Lel | 0.2 17.21 0.69

53. 20 87.2 8.4 9.04 2,60 0.14 | 11.78 L18

We learn from the above table [says Armsby] that the farmer who sells &
ton of hay, for example, sells in this ton of hay fertilizing ingredients which, if
purchased in the form of commereinl fertilizers, would cost himn about $5.10; that
if he sells 2,000 pounds of whoat he sells an amount of nitrogen, phosphorio acid,
and potash which it wonld cost him $7.91 to replace in his soil in the form of com-
mercial fertilizers. Or, looking at it from a somewhat different standpoint, a farmer
who sells, for example, $10 worth of wheat sells with it abont $2.63 worth of the
fertility of his soil. In other words, when he reoeives his $10 this amount does not
represent the net receipts of the transaction, for he has parted with $2.63 worth of
his capital, that is, of the stored-up fertility of his soil, and if he does not take this
into the account he makes the same mistake a merchant would should ho estimate

his profits by the amount of cash which he received and neglect to take account of
stock.

If the farmer, instead of selling off his crops, fecds them to live stock
on the farm as far as possible, a large proportion of this fertility, as
has been shown above, is retained on the farm; and ¢if the business
of stock feeding is carried to the point where.feed is purchased in addi-
tion to that grown on the farin, a considerable addition may in this way
be made to the fertility of the farm at an almost nominal cost, since
it is assumed that feed will not be bought unless its feeding value will
atleast pay its cost.” This commendable system of indirect purchase
of fertilizers in feeding stuffs is praeticed largely in England and other
European countries, and accounts for no small share of the profits of
stock-raising in those countries.

But it isevident that these advantages will not be secured unless
the manure produced is carefully saved and used.
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The growing of more loguminous plants, such as beans, peas, clover,
lupines, etc., as a means of increasing the fertility of the soil, is strongly
recommended both from theoretical aiid practical considerations, but
a8 a recent farmers’ bulletin (No. 16) of the Department says:

The leguminous crop is best ntilized when itis fed out on the farm and the maunure
saved and applied to the soil. The greatest profit is thus secured and nearly the
same fertility is maintained as in green manuring. * * * The farmer should
mend his system so that the barnyard manure will be as well cared for as any other
farm product. Loss from surface washing, leaching, fermentation, and decay should
be guarded against. Then the feeding of richer food will mean richer manure and
better and cheaper crops.

It is hard to persuade the farmer to abandon time-honored practices
and adopt methods with which he is unfamiliar. He also hesitates
about incurring the necessary expense of building suitable reeceptacles
forthe storage of manure, frequently assuming that this is greater than
itreally is, As Roberts states ¢the new idea that the manure should
be as carefully preserved from unnecessary waste as any other produet
of the farm is hard to put in practice, after having stored for forty
years the farmyard manure under the eaves upon the steep hillside
which forms one border of the running brook.”

e
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F16. 1.—The waste of barnyard manure.

It is to be feared that the introduction of commercial fertilizers has
10t been without effect in increasing the apparent indifference with
¥hich this valuable farm resource is so often regarded. Too many
lamers lose sight of the fact that, as a rule, commercial fertilizers
$hould supplement and not entircly replace the manurial supplies of
the farm,

AMOUNT, VALUE, AND COMPOSITION OF MANURE PRODUCED BY DIF-
FERENT ANIMALS,

Itis of great importance to the farmer to know the amount and value
o'manure which will be produced in a given time by animals of differ-

i ®tkinds, and various methods of calculating these approximately have

been proposed. Some authorities base their calculations upon the
imount of straw used as litter, assuming that for 1 ton of straw used
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as bedding, 4 tons of manure will be produced. Armsby shows, from
carefully eondueted experiments with horses, that where straw is used
as ceononiically as possible each horse will require 2,500 pounds of
straw per year for bedding purposes. Using this as a basis, he calcu-
lates ‘that a ton of wheat straw, economically handled, may result in
6 tons of fresh manure,” but under ordinary circumstanees it will prob.
ably not result in more than 5 tons. “In stables where but one or two
lhorses are kept or where the manure is infrequently haunled away, the
product might not greatly exceed 24 tons when the time came to remove
it.”

Probably the most accurate method which lias been used is that
adopted by Heiden and others, whiel bases all ealculations upon the
amnount of food eonsumed and litter used.

The dried excrement of horses, cows and other neat cattle, and sheep
is nearly one lhalf of the dry food consnmed. One hundred pounds of
dry matter in food consumed by horses yields 210 pounds of wmanure,
containing on an average 77.5 per cent of moisture, To this should
be added the wcight of bedding (amounting to about 64 pounds per
day) in order to get the total product of manure. Making allowances
for dung and urine dropped outside of the stable, Heiden calculates
that & well-fed working horse will produee 50 pounds of manure per
day, or 6% tons per ycar, which can be saved. Boussingault’s and
Hofineister’s figures indicate this amount to be 5} to 5% tons, while
Armsby’s put it at about 64 tons. Cows and other neat cattle produce
manure containingon an average 87.5 per centof water. One lundred
pounds of dry matter eonsumed in food yiclds 384 pounds of manure,
to which must be added the amount of litter used, which, according to
Heiden, should be about one third of the dry matter fed. Calculating
on this basis, a steer weighing 1,000 pounds and eonsuming 27 pounds
of dry matter per day would produce about 20 tous of manure per
year. '

Sheep excrete 494 per cent of the dry matter of their food. The
manure contains on an average 73 per cent of water. One hundred
pounds of dry matter in the food would therefore produce 183 pounds
of manure. A 60-pound sheep, fed 2 pounds of dry matter and receiv-
ing three fifths pound of bedding, would produce about 4.1 pounds of
manure per day, or three fourths ton yearly.

Careful observations have indicated that the pig produces from 12
to 16 pounds of manure per day, or from 2 to 3 tons per year.

The following table compiled fromn a bulletin of the New York Cor-
nell Station shows the ammount and value of manure produced by the
prineipal kinds of farm animals fed liberally and given sufficient bed:
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ding to keep them elean, ealeulated to a uniform basis of 1,000 pounds
live weight:

Amount and value of manure produced per 1,000 pounds of live weight of different animals.

Amount

Value Valne

per day. | per dny."lper year.*
Pounds.| COents.

34.1 7.2 $26.09

67.8 6.2 24,45

83.6 18.7 00.88

74.1 8.0 29,27

48.8 7.6 27.74

*Valuing nitrogen at 15 cents, phosphoric acid at 0 cents, and potash at 4} cents per ponnd.

The fertilizing eonstituents and the value per ton of the manure
obtained under the above eonditions are shown in the following table,
in which is inserted for eomparison the results of analyses by Storer
of manure of lhiens, which is representative of that of fowls in general:

Analyses and value per ton of manure of different animals.

Water. | Nitrogen. Ph?lz};gfmio Potash. pZ: };Z.

Per cent. Per cent. Per cent. Per cent.
0.768 0.301 0

Sheep..... 59, 52 .591 $3.30
Calven... 77.73 0,497 0.172 0.532 2.18
........ 74.13 0.840 0. 300 0.320 3.29
Cows.......... 75.25 0.426 0. 290 0. 440 2.02
lossen:.... ... ... ... . 48. 60 0.490 0.200 0.480 2.21
Hen mannre 56.00 [0.80 to 2 0.50 to 2 0. 80 to .90 7.07

These figures probably fairly represent the aetnal fertilizing value
of the carefully preserved manure (both solid and liquid) of well fed
and cared for animals. In all eases the manure was protected from
leaching and in some ecases treated with a small amount of gypsum as
4 preservative. ‘It will be notieed that the average amount of nitro-
gen recovered in all the manure is eonsiderably more than that of the
potash and about twice the amount of phosphorie aeid.”

In general practiee the manure from the different kinds of animals
is frequently eolleeted in a eonunon heap until needed. While it is
difficult to state an average, mixed barnyard manure properly eared
for may be safely assumed to vary in eomposition within the following
limits:

Per cent.
Nitrogen varies from ........cccceceieceaneracecaieceenaa. 0.4600.76
Phosphoric acid varies from ... . ...c...oioiiiiiiiiie.. 0.2 t0 0.40
Potash varies from ..........ovceiin ceceenrenecncecrncnnn 0.4t00.75
Water varies from ... . .. ... . it iiiiiaaa 70 to 80

OOMPARATIVE VALUL OF SOLID AND LIQUID PARTS,

It is a fact often lost sight of in praetice that the urine of animals is
by far the most valnable part of the exereta. The solid exereta eon-
tains, prineipally, the fertilizing eonstituents of the food which have
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failed to be digested or absorbed into the animal system and are, there-

 fore, ehiefly in insoluble forms. The urine, on the other hand, eontains
those fertilizing eonstituents whieh have been digested and are largely
soluble. The eomposition of the urine, like that of the solid exereta,
varies with the kind and age of the animal, but especially with the
nature of food, water drunk, etc.,as will be explained later. The com-
position of the urine of, different kinds of farm animals has been found
by analysis to be as follows:

Chemical composition of the urine of different animals.

Water. | Nltrogen. Pho:‘g}i?rio Alkaljes.

Per cent. | FPer cent, | Per cent. | Per cent.
L 0. 050

12 ) 3 4 2,0
2 1 97.5 0.3 0.125 0.2
BIOTHO8 ©oocveoeiscecsroarcnsscacsesscccssrsvencssanss 80.0 ) B ] IS 1.5
COWB ceveeeninniannans beeeeseescecccsnceenesaasennsan 92.0 0.8 lucuacevecans 1.4

The urine of farm animals may be said to be free from phosphoric
aeid exeept in ease of sheep and swine, where it oceurs in minute traees,
but is rich in nitrogen and the alkalies (including potash and soda);
eonsequently it is an ineomplete manure and should be snpplemented
by phosphates if used alone. It isbest, however, to apply it along with
the solid excrement, which contains a eounsiderable amount of phos-
phorie aeid. This latter fact lielps to explain why leachings from
rotted manure are more valuable as a fertilizer than urine alone. The
leachings eontain in addition to the eonstituents of the urine the solu-
ble eonstituents of the solid manure, among whieh is a eonsiderable
amount of phosphoric acid.

The comparative value of the solid and liquid excrement is shown in
the following table:

Composition of solid and liquid excrement of farm animalas,

Water. Nltrogen. Phosphorlo acid. A“;‘:]l‘if:o( :)t:a'h

Solid. :quuld. Solld. | Liquld. | Solid. | Liquid. | solid. | Liquid.

Per cent.| Per cent.| Per cent. | Per cent. | Per cent.| Per cent. | Per cent. | Per cent.
76 89. 0. 50 1.20 . 0.30

0.35| Trace. X 15
84 82.0 0.30 0. 80 0.26 | Trace. 0.10 1.4
80 97.5 0.60 0.30 0.45 0,125 0.50 0.2
58 86.5 0.75 1.40 0. 60 0. 050 0.30 2.0

The urine is seen to be mueh richer than the solid dung in every case
exeopt that of pigs, in which the high pereentage of water (97.5) eauses
the pereentages of the other constituents to fall below those of the
same eonstituents in the solid dung.

The fact that the urine of all farm animals (including pigs) is much
richer than the solid exerement is strikingly brought out in the follow-
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ing table, which shows the composition of the dung and urine after the
water has been completely removed:

Composition of dry matier of solid and liquid manure.

e = = =

Nitrogen. Phosphorio acid. All;n‘}(ilo: O(X‘f)ms}‘

Solid. | Liquid. | Solid. | Liquid. | Sond. iL_iquid.

Per cent. | Per cent.| Per cent.| Per cent.| Per cent. | Per cent.
1.25 13.6

2.08 10.9 1.45 | ‘I'race.
1,87 10.0 1,66 1 Trace. 0.02 17.5
3,00 12.0 2.25 5.00 2. 50 8.0

1.78 10.4 1.42 0.37 0.71 14.9

The distribution of the manurial constituents in the urine and dung
depends largely on the nature of the food. On this point Warington
8ay8:

If the food is nitrogenous and easily digested the nitrogen in the urine will
greatly preponderate; if, on the other hand, the food is imperfectly digestod the
nitrogen in the solid excroment may form the larger quantity. When poor hay is
given to horses the nitrogon in the solid oxcrement will exceed that contained in the

urine. On the other hand corn, [oil] cake, and roots yield a large excess of nitro-
gen in the urine.

Generally one half and frequently much more of the total nitrogen
excreted will be found in the urine, a large portion of the potash, but
little or no phosphoric acid or lime. In experiments with sheep at the
Maine Experiment Station it was found that ¢ the urine contained nearly
half the potash of the total exereta and fromn half to three fourths of the
nitrogen, but no phosphorie acid, the latter being wholly in the solid
exerement.”

The important points in this connection may be summarized as
follows:

(1) Of the nitrogen, phosphoric acid, and potash supplied in the
food, comparatively small amounts are assimilated and retained in the
animal body, the relation between the amounts of these substances
excreted in the urine and the solid exerement depending largely upon
the nature of the food.

{2) The urine is much richerin nitrogen than the solid dung. Italso
contains considerable amounts of potash but is poor in phosphoric acid,
whieh remains almost entirely in the solid excrcment. The best results
may therefore be expceted from applying the mixed solid and liquid
excrement.

The figures given in the preceding pages have only approximate and
tomparative value. They do not admit of too strict an application in
practice, because barnyard manure, as can be readily understood, is a
very variable substance. Its composition and value depend on a variety
of conditions, the more important of which are (1) age and kind of
animal, (2) quantity and quality of food, (3) proportion and nature
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of litter, and (4) method of management of the manure and the length
of time it is stored. Each of these factors will be discussed in detail.

INFLUENCE OF AGL AND KIND OF ANIMAL,

The proportions of the potash, phosphoric acid, and nitrogen of the
food recovered in the manure vary considerably with the age and kind
of animal. Full.grown animals, ncither gaining nor losing weight,
excrete practically all of the fertilizing constituents consumed in the
food. Growing animals and milch cows excrete from 50 to 75 per cent
of the fertilizing constituents of the food; fattening or working animals
from 90 to 95 per cent.

The variations in the composition of thie manure of different classes
of animals will be seen from the preceding tables. From these it
appears that classified according to strength of equal weights of the
normal manure produced the common farm animals stand in the follow-
ingorder: Poultry, sheep, pigs, horses, cows. This difference in value,
however, may be largely due to differences in the food cowmnmonly fed
to the different classes of stock, as will be explained later.

Sheep manure contains a small amount of water and is, weight for
weight, the richest manure produced by auy of the common farm ani-
mals. It is what is called a hot manure, fermenting rapidly with the
development of lheat. Like horse manure itis especially liable to lose
ammonia.

Horse manure is very dry and is therefore difficult to thoroughly mix
with litter. It is a hot manure, undergoing fermentation rapidly and
generating a high heat on account of its loose texture. It is likely to
lose ammonia even more rapidly than slieep manure, and requires care-
ful management—in use of litter, preservatives, etc.—from the moment
it is voided. The composition of liorse manure is more uniform than
that of any other farm animal, chiefly because the food of horses is
more uniforin, The uriue is especially rich.

Pig manure is very variable in composition, due to the variable nature
of the food supplied to this animal, but is generally rich although con-
taining a high percentage of water. It generates little heat in decom-
posing.

The manure of neat catile, like that of pigs, and for the same reason,
is variable in character, but is gencrally poorer than that of other
farm animals on account of its large percentage of water. It decom-
poses slowly and develops little heat.

Poultry manure is very rich in all the fertilizing eclements, but
especially so in nitrogen, due to the fact that the urinary secretions,
which contain large amounts of nitrogen as well as potash in readily
available form, are voided with the solid excrement. It quickly loses
nitrogen, however, by fermentation if not properly mixed with absorb-
ents or preservatives.
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Warington states that for an equal amount of live weight the sheep
produces on the same weight of dry food very much more manure than
the pig, while the ox produces even more than the sheep.

It must be borne in mind, therefore, in estimating the manurial value
of the dung of different animals that the quantity of dung voided by
one animal is much greater than that voided by another. The amount
voided by the cow, for example, is much greater than that voided by
the horse, so that the inferior value of the former is to some extent
compensated for by its greater quantity.

INFLUENCE OF QUALITY AND QUANTITY OF FOOD.

In a given class of animals the value of the manure is determined
more by the nature of the food than by any other factor. The quan-
tities of nitrogen, phosphoric acid, and potash in manure stand in
direct relation to the quantities 6f the same ingredients in the food.
The crop-producing power of the manure will be largely determined by
the nature of the food supplied to the animals producing it. The fol-
lowing table, adapted from a bulletin of the New York Cornell Station,
shows the wide variation in manurial value of some of the more com-
mon feceding stuffs. (See also table p. 4.)

Fertilizing value of feeding stuffs.

| Value of Total
Valne of (L0 Value of o
nitrogen in phosphorio potash in fertilizing
acid in 1 value por
1 ton. ton. 1 ton. s

Corn meal e $4.63 $0. 83 $0.31 $5. 66
Cornailage ....coooviiineenannninenaan. aen 0.78 0.14 0.32 1.24
Crimson clover (greon) . 1.29 0.16 0.44 1.89
Crimson clover hay . . 0.63 0.82 2.26 9.71
Red elover hAY «.coeveeeiieencnneniionen... . 6.70 0. 64 1.31 7.65
Glaten meal ... .ceoiiiiiii i cee 15.09 0.39 0.05 16.63
Cotton-seed meal ... . 20. 85 3.00 1.85 20.16
Linseed meai. . ...... 16,08 2.28 0.99 19.36
Meat scrap ... . 29.01 6.01 0.67 385, 69
Wheat......... - 7.08 0.96 0.45 8.49
Oats ........ . 5.36 0.90 0.45 6.70
Skim miik ..... 1.74 0.26 1.08 2.11
Timothy hay 3.00 0.43 1.17 4.680
heat bran 7.60 3.40 1.34 12.80
Wheat straw . . 0,81 0.30 1.02 2.18
OFIEPS o oeeeeceneeennerecenncaecaccascesanascsssnsan 0.48 0.14 0.34 0.96

As already explained, from 50 to 95 per cent of the fertilizing con-
stituents of food is recovered in the manure, depending npon the kind
of animal fed (see p. 10).

In order to find from this table the amount of nitrogen, phosploric
acid, and potash which may be expcceted in manure, it is necessary
simply tosubtract from the amount of these constituents contained inthe
food the amount retained in the animal body. It can be readily seen
that as regards the value of the manure produced the concentrated feed-
ing stuffs, such as meat scrap, cotton-seed meal, linseed meal, and wheat
bran stand first; the leguminous plants, such as red and crimson clover,
ete., second; the cereals (wheat, oats, corn, etc.), third, and root crops
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last. Thus with full.grown animals neither gaining nor losing weight
practically all of the fertilizing constituents of the food are obtained in
the manure and each ton of wheat bran, for example, fed would yield
manure having a fertilizing value of $12.30, each ton of clover hay
$7.50, each ton of oats 86.70, and each ton of turnips 96 cents. With
growing animals, mileh cows, etc., only about 75 per cent of these
amounts, or $9.20, 85.60, 85, and 72 cents, respectively, would be
obtained in the inanure. Tinally, with working and fattening animals,
which excrete about 90 per cent of the fertilizing constituents of their
food, the corresponding amounts would be $11, $6.75, 86, and 86 cents,
respectively.

As the table shows, the amount of nitrogen present in foods is the
most important clement in determining the value of the manure, since
it is the most costly fertilizing constituent and is present in much
larger proportion, as a rule, than plfsphoric acid and potash. The
inorganic substances of foods (potash, phosphoric acid, lime, etc.) pass
very largely into the manure; consequently the manure is proportion:
ately richer in these constituents than the food. The caseis somewhat
different with the nitrogenous substances, which are partly used in the
production of meat, tendon, wool, milk, ete., thus leaving the manure in
many cases poorer in nitrogen than the food consumed. Those, how-
ever, whicl are not so used undergo modifications in the process of
digestion whicli render their nitrogen more available to plants,

As the New York Cornell Station has shown, increasing the amount
of nifrogenous matter in the food increases the secretion of urine, thus
necessitating the use of more litter and by this means increasing the
bulk of the manure produced. The use of nitrogenous foods thus brings
about the same result as the use of watery foods.

INFLUENCE OF THE NATURE AND PROPORTION OF LITTER.

Litter is used to furnish a clean and healthful bed for animals, to
absorb and retain liquid excrement, to extend manure and render it
easier to handle, to increase the physical and in some cases the chem-
ical action of manure, and fo check and control decomposition. The
materials generally used are not, as a rule, rich in fertilizing coustitu-
ents, as the following table ot cownposition given by Warington will
show:

Fertilizing constituents in one ton of litter,

Nitrogen. IPhosph?ric Potash.

— e — - — o —

| §
Pounds. Pounds. l Pounds.
16 | 6

Dead leaves .- “es 6
SITAW ceveennannnns 8t012 4to6| 121032
Peat moss.. of 6 Trace. Trace
Sawdust ... 4 to 14 6

Spent tan 108020 J-eeeeecreece|eoosannaonne
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The use of litter therefore tends to dilute manure rather than improve
its chemical composition, but it absorbs and holds the valuable liquid
parts and reduces the loss of ammonia.

MANAGEMENT OF MANURE,

We have seen that barnyard manure is a material which rapidly
undergoes ehange. Where it is practical to haul the manure from the
stalls and pen and spread it on the field at frequent intervals the losses
of valuable constituents nced not be very great, but when (as in winter)
the manure must be stored for some time the difficulties of preservation
become greatly increased. .

Under these conditions, deterioration of manure results from two
chief causes, (1) Fermentation, whercby a certain amount of the nitro-
gen is lost, and (2) weathering.or leaching, which involves a loss of
the soluble fertilizing constituents, including potash and phosphoric
acid as well as nitrogen.

FERMENTATION OF MANURE,

The fermentation of manure is due to the action of minute microscopic
organisms which belong to two great classes, (1) those which require
an abundant supply of air (oxygen) and which die when deprived of
oxygen—knowl as acrobic ferments; and (2) those which grow without
oxygen and die when exposed to it—known as anaérobic ferments.

The decomposition observed in the manure heap is due as arule to the
combined action of these two classes of ferments. On the outer surface
of the heap, where the air circulates freely, the first class (aérobic) is
active,while in the interior of the heap, where the supply of air islimited,
the fermentation is due to the anaérobic ferments. The latter soon run
their course and cease to exist. Their function seems to be principally
to break up the more complex substances of tlie manure and prepare
them for the further action of the aérobic ferments which finally con-
vert them into simpler compounds such as water, carbonic-acid gas,
and marsh gas.

Where the manure is compacted (as in deep stalls for instance) the
carbonic acid gas formed by fermentation soon permeates the mass so
completely as to entirely exclude the air, thus arresting fermentation.
Inloose heaps into which air is freely admitted fermentation of the
aérobic form may go on indefinitely.

The fermentations of manure are very complex and vary according
to circumstances. The principal conditions affecting these processcs
are (1) temperature, (2) supply of air as determined by compactness of
beap, (3) moisture, (4) the composition of the manure, and (5) the nature
of preservatives added.

The higher the temperature the more rapidly will manure decay. In
aérobic fermentation of mannre the temperature may rise to 122° to 1409,
oreven 158° F, On the other hand, in the interior of the heap, where
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anaérobic fermentation is in progress, the temperaturo raroly rises
above 95°F. Experiments havo indicated that 131° F.is tlhie most
favorable temperature for manure fermentations.

As already explained, the supply of air determines whether the
slow-acting anaérobic ferment or tho moro vigorous atrobic ferment
predominatos. The careful regulation of the two kinds of fermentation
i8 necessary to the successful rotting of manure. If the heap is too
loosely built the decomposition is too rapid. The materials useful for
the formation of humus in the soil are destroyed, and the nitrogen,
cspecially that of the urine, escapes into the air, largely in the form
of ammonia. On tho othor hand, if the manure is too firmly packed
the decomposition may bo too slow and the manure will not becomo
sufficiently disintegrated to produce the best effect in the soil.

A powerful means of controlling fermentation is the supply of mois.
ture. The addition of water lowers the temperature and thus retards
fermentation. By filling np the pores of the mass and oxcluding
tho air it checks airobic fermentation when this becomes too active.
French authorities maintain that the prineipal precauntions necessary to
prevent losses of ammonia consist simply in regularly and properly
watering the manure with the leachings. TIn caso of drought, if the
leachings are insufficient, the lack should be made up with water.

g - ‘ .

s

A A %-__-//I’.ﬁ//} s
5 ;

sl

A LA
/,ﬂ};/,//////,ﬁ

F16. 2.—~The French method of keeping manure.

The need of keeping mannro moist is especially marked in caso of
horse manure, whicli is naturally dry and decomposes with great
rapidity. The same is true in a less degree of sheep manure. The
common and harmful ¢ firo-fanging” is the result of an insufficient
supply of wator and may be readily checked by sprinkling. The
sprinkling, however, should be regularty done and tho heap kept in a
constant state of moisture, otherwise the alternate wetting and drying
will resultin a loss of ammonia. Preservation of manuro in this manuer
is generally practiced in Furope and the product obtained is highly
cstecmed as a fertilizer. 1t is “very dark colored, or cven black, and
acquires a highly offensive odor, while thé straw in it loses its consist-
ency and becomes soft and incoherent.” This black substanco is held
by certain French agriculturists to possess special value as a plant
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food. A method employed in the preparation of this well-rotted
manure in France is as follows: The manure is placed on slightly
inclined plats of packed earth or cement, so arranged that the leach-
ings drain out into a pit from which they are pumped up and distributed
over the manure heap. It is usual to provide two manure plats so
arranged that when one is full (when the manure is 8 to 10 feet high)
it may be allowed to fcrmentundisturbed while the other is used. The
manureis carried from the stables tothe top of the manure heapin wheel-
barrows over an inclined plane of boards. Care is also taken to smooth
down the sides of the heap to prevent the too free access of air and the -
loss of leachings. The system here described is illustrated in fig. 2.

1t has been questioned whether the construction of expensive cisterns
for eollecting the manure leachings repays the cost, but it is obviously
desirable from what has been said regarding the value of the liquid
manure and the desirability of promoting regular and uniform fermen-
tation of the manure, that the leachings should be saved and added to
the manure heap by some means. Stored separately, the liquid part
rapidly deteriorates and the solid part, from lack of moisture, is liable
to undergo ¢ fire-fanging,” or harmful fermentation.

The nature and extent of fermentation in manure also depends to
some extent on the composition of the manure, more particularly upon
the amount of nitrogen in a soluble form which it contains. The greater
the amount of soluble nitrogen the more rapid the fermentation. Urine,
as we have already seen, is rich in soluble nitrogenous compounds, and
this explains why it decomposes so rapidly.

By fermentation manure decreases rapidly in bulk, The substances
of which it is composed are converted largely into water and gases,
. principally carbonic acid gas, and where fermentation is not properly
controlled, nitrogen may escape either in the free gaseous state or as
ammonia. The coarse materials of the manure are gradually decom-
posed and are dissolved to a considerable extent in the black liquid
which oozes out of the manure heap. The mineral matter (the phos-
phates, potash, etc.) is also rendered more soluble. When properly
eontrolled, therefore, fermentation is a valuable means of increasing
the availability of the fertilizing constitucnts of manure, although it
decreases the bulk; but when not properly controlled it seriously
teduces the value of the manure.

LEACHING OF MANURE.

Leaching is the sccond cause of deterioration of manure, When
manure is exposed to the action of the elements and the leachings
allowed to drain away it rapidly deercases in value. Both the organic
#nd the mineral constituents originally present or which have been
made soluble by fermentation are carricd off and lost. Experimentsat
the New York Cornell Experiment Station indicated ¢that horse
lanure thrown in a 1oose pile and subjected to the action of the elements
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will lose nearly one half of its valuable fertilizing constituents in the
course of sixnonths; and that mixed horse and cow manure in a com.
pact mass and so placed that all water falling upon it quickly runsg
through and off is subjected to a cousiderable, though not so great,a
loss.”

The Kansas Station concludes from similar observations ¢that farm.
yard mannre must be liauled to the ficldin spring, otherwise the loss
of manure is sure to be very great, the waste in six months amounting
to fully one half of the gross manure and nearly 40 per cent of the
nitrogen that it contained.”

The following experiments made by Dr. Voclcker in England show
very strikingly the loss in weight and of nitrogen in maunre stored
under different conditions. Mixed manure containing 66.2 per cent of
moisture was divided into three 1,000 pound lots. Lot 1 was placed in
a lieap in the open air, lot 2 in a heap under a shed, and lot 3 was
exposcd in the openair in a thinlayer. The weights of the manure and
the amounts of nitrogen it contained at the end of different periods
were as follows:

Logses of manure under different methods of storing.

In heaps under a | Exposed to air in | Exposed to theair
shed. heaps. in thin layera.
Nitro- Nitro- | Witro-
Weight. gen. Weight. gen. Weight.' gon.
— |- —
| Pm{n(;lad I’ougui%. | Pm{n(%. I’ougui%. Pov:n(t)load I’o‘unga‘.3
, 00! . B . ' .
B iR u ol bxpeciment. 405 5.9 714 6.39 865 4.88
Manure after 0 montbs ... 308 5.02 703 4.19 612 2';;
Magnure after 12 months .... s 379 5,77 700 4.55 | 575 2.
Moisture at end of 12 months (per cent). 41.8 74.3 65.6

{ .

The mannre stored in a heap under cover lost 14 per cent of its
nitrogen in twelvemonths; exposed in a heap, 30 per cent; and exposed
in thin layers, 64 per cent.

Ficld experiments by Kinnaird with manure kept in an open coéurt
and under cover resulted in an increase of about 4 tons of potatoes and
10 bushels of wheat per acre in favor of the covercd mannure. The
comparative value of leached and unleached manure has been carefully
tested at the Ohio Station on corn and wheat and mixtures of clover
.and timothy. The expcriments show a wide difference in value betwecn
the leached and unleached manure and indicate that the margin of
profit fromopen-yard manure is cxtremely small.

PRESERVATION OF MANURE,

Having now briefly discussed the nature and extent of the changes
which manure is likely to undergo wlen stored in heaps, let us inquire
into the best means of preventing loss of fertilizing value during these
changes, It is a well-kuown fact that certain of the organisms which
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cause decomposition of manure are voided with the dun g and commence
their activity at onee. In case of horses and shcep these organisms
cause a considerable loss of ammonia in & comparatively short time. It
is necessary therefore to adopt prompt measures in order to reduee loss
from this source to a minimum. The means whiech are available for
this purpose are the use of absorbgnts and preservatives, such as straw,
peat, sawdust, dirt, gypsun (land plaster), kainit, etc. The litter takes
up the liquid manure, thus preserving it to some extent from decompo-
sition and also absorbs to a considerable extent the ammonia prodnced
by fermentation and prevents its eseape into the air.

The relative absorptive power of various materials commonly used
as absorbents in stables is shown in the following table:

Absorptive power of different kinds of litter.

Ammoniaab-
Water rotain-| sorbed by 100
ed by 100ba.| lbs, of

of material | matter in?if-
aftor24hours.| ferent ma-

terials.

Pounds. ' Pounds.

WHOAL BEEAW coueeieennanasecenecesttanrccecasenncesosecsssncentsesesarane 220 0.
Partlally decomposed oak loaves 108 ... 2 ol
B e vcccccceccnccscncsnnnoccsnnnacs 600 1.108
Sawdust coeeeeiiiiniiiiiiiii i . 435 0.046
Spenttan.............. . ol 450,11 o o0 s s Tt
Alr-dried humus soil 50 0.660

1 T 1,300 0. 863

It thus appears from the table that peat and peat moss are the best
sbsorbents. It has already been showu (p. 12) that they also furnish
the largest amounts of fertilizing constituents. Peaty soil is also an
effective absorbent, and the use of a mixture of peaty earth with straw
88 litter has been strongly recommended. An addition of from 35 to
40 pounds of loam per head daily has becen found advantageous, and
where straw is searce it has been replaecd to the extent of one fourth
orone third by earth. The amount of litter required for any given
snimal depends largely upon the charaeter of the food. Watery foods
and those eontaining a large amount of nitrogen inerease the secretiop
of urine and so inerease the amount of litter necessary to absorb the
lignid and keep the animal elean. A safe general rule is that the
litter should amount to at least oue third of the dry matter of the food
consumed. The following amounts per day for differént animals are
recommended : Sheep, three fifths pound of litter; cattle 9 pounds, and
borses, 64 pounds.

It is not advisable as a rule to use an exeess of litter beyond that
roquired to keep the animal eloan and absorb the liquid exerement,
since the materials available for bedding are as a rule poor in fertilizing
tonstitnents, and so extend and dilute the manure unneecessarily.

A small amount of gypsum (land plaster) sprinkled on the moist
dung or urine is a popular and effective mecans of fixing the ammonia,

6355—No. 21—=2
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It should be remembered, however, that unless the gypsum becomes
moist it will have little effect. Kainit nsed in the same way tends to
arrest fermentation, bnt it must be used with caution orit may injure the
feet of the animals standing on it. Both kainit and acid phosphate
sprinkled on the manure before it is thrown into the heap are val-
uable as preservatives, and besides increase the value of the manure,
increasing the proportion of those constituents (potash and especially
phosphoric acid) in which it is somewhat deficient. German investi-
gators who liave given a great deal of attention to the subject of pre-
servatives for manure nnanimously recommend the use of superphos-
phate-gypsum, a by-product of the mannfacture of superphosphates;
but as this product is not found in the Amnerican market its place may
be taken by the ordinary acid phosphate or superphosphate of the trade
used in connection with a smnall amount of gypsuni.

A German authority recommends the use of approximately the fol-
lowing amounts of the different preservatives per day:

Amounts of different preservatives to be used per head daily.

l)ei- 168630, Por cowd ‘ Pe;zgig, I"erlsll(l)eep,
g 880 pounds
eunds 4 | peunds pounds
| gveight. | weight. | \I:'elght. welight.

‘ Lbs. Ozs. | Lbs. Ozs. | Ounces. | Ounces.
1 3 2

Superphosphate ......... . iieiiieniiecianeeceiiiien. 1 0| 2
(}ylfmwm g p ........................................... B \ 1 9 \ 1 12 43 3§
Kalndb. . oo e . 1 2 1 5 4 3

If both snperphosphate and gypsum are nsed, the above proportions
of these materials should be reduced from one third to one half, Kainit
should be applied to the fresh manure and covered with litter so that
it does not come in contact with the feet of the animals. Whether it
will be good economy to use these materials for this purpose will depend
upon their market price in the locality in which it is proposed to employ
thewm. :

In cases where different kinds of animals are kept, one of the most
effective means of sceuring moderate and uniform fermentation of the
manure heap is to see that the moist ¢cold” cow and pig manure i8
intimately mixed witli the dry ¢“hot” horse and sheep dung. The former
makes the heap more moist and checks the too rapid fermentation and
“fire fanging?” of the latter.

1t will be understood from what hias been said that in order to rednce
the loss to a minimum, manure heaps should be made compact and kept
moist. Under cover the last vesult is secnred by collecting the liquid
mannre and at frequent intervals sprinkling it over the heap, or when
the supply of this is deficient, by sprinkling with water. Where the
manure heap is exposed to the rain in pits from which there isno drain-
ago it probably doecs not require so much attention, but still care must
be taken to prevent loss by alternate leaching when heavy rainfalls
occur, and drying out in time of drought.
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Regarding the management of manure, Prof, Frear, of the Penngyl-
vania Experiment Station, says: ;

To secure such kind and degree of rotting as shall make the mannre eagily handled
and put it into the condition best snited to the crops it isto fertilize, both extremes
of moistness and cold, and of exposure and heat, are to be avoided.

1t is a much-discussed question whether this mean conditiou is best obtained in
practice by the preservation of the manure in dished yards, subject to more or less
exposure to wind and sun, to full exposure to rain, but to more loosely leaching, or
under covered sheds where it is protected from sun aud rain, and largely from wind.
In both cases it is supposed to be compacte_d fully as the heaps are forming.

Storer expresses a doubt whether sheds built to shelter manure have
ever paid their cost.  On the other hand, Prof. Roberts, of the New York
Cornell Station, recommends the construction of sheds or covered yards
for the protection of the manure. The use of completely covered barn-
yards for proteeting manure has in recent years met with much favorin
certain parts of the country. The manure from the horse and cattle sta-
bles and the sheep and calf pens is spread out evenly over these yards,
covered with coarse litter, and the whole kept firmly packed by allow-
ing animals to run over it, thus preventing injurious fer- ==-/ Nz
mentation. The construction of a eheap and durable
covered yard, illustrated in figs. 3, 4, and 5, is thus
described by Roberts:

el

|
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¥Fia. 3. Fia. 4. Fro. &,
Plans for a cheap covered barnyard.

Long posts or poles, 8 inches in diameter at the bu'tt, are set in the ground 2 feet
deep and 6 foet apart. Upon these are spiked 2 by 4 scantling, about 4 feet apart, for
nailing girts, and a plate 2 by 6 is nailed on top of the posts which have been previ-
onsly sawed off to a line after the girts havo heen spiked to them. Round poles
flattoned at the ends, or 2 hy 6 joists douhled, spiked to tho heads of the posts, will
tisthe building together. Ten feet will be quite high euough for the story; and
one story will suffice if no straw is to be stored above except that which is placed
there to exclude the cold. A fow poles or old rails laid on these cross-ties which
bind the building together will suffice to sustain the weight of the straw, while the
straw will exelude the eold, and absorb the moisture far hetter than an expensive
matched ceiling.

On the inside of the posts which havebeen set in the ground flattened poles, rails,
orglabs, or cheap boards may Le nailed horizontally, and the space between tho
outside vertical boarding and the inside horizontal hoarding may be filled with
straw. This kind of a wall is far drier and more comfortable for the animals than
%ae made of costly stone or brick.

Ifit is desired to have a place to store straw, the building should bo higher, the
Joists stronger and more numerous than in the one-story building, and they will
il have to be supported by a timber, supported by posts placed under their centers.
The roofs should be steep, and can be made of any material which will shed water.
When the posts which have been set in the ground have rotted off, or are ml.lch
decayod, they may be sawed off even with the ground and-supported by placing
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underneath each one of them a large flat stone. Whenever the bnilding is treated
in that way it will be necessary to brace it thoronghly., It might bo wellin a windy
country to brace so wide a building at the start.

Such a bnilding will be inexpeusive and reasonably durable. It will serve asg
place for depositing manure when necded; it will shelter the animals while they
aro being watered and the stables are being cleaned and aired, and give facilities
for proventing loss of valnablo fertilizing material either by leaching or firing,

A more elaborate and expeusive style of covered yard, suggested by
the American Agriculturist, is shown in fig, 6, which is worth consid.
ering when the constrinetion of a barn is contemplated.

Fia. 6.—A convenient covered barnyard,

This provides not ouly for the required protection of both animals and mannre,
but affords also an excellent grain chamber where grain can be stored for cou-
venient use. Under the side roofs is also afforded a chance for the storing of small
tools and a great variety of articles that are countinually in the way when stored
about the farm buildings. It also provides splendid protection to animals when
housed at night during the summer, this roof protecting them from heavy showers
In the night and affording an excellent opportunity for exercise in the winter, as
all the sides, except that toward the south, can be protected against cold winds by
being temporarily boarded up.

P Many stables are so situated that

by adding a chcap leanto, as shown in

i \\ fig. 7, “a receptacle for caring for the

' manure is easily provided. The outside

boarding of the leanto should be, for a

part of the way at least, put on hori-

B zontally and hung in the form of flat

doors, so that the manure can be easily

J loaded on a wagon standing on the out:
<] L F—-‘:fh* side of the building.” )

: The unsatisfactory results attending
the use of manure sheds and covered
yards have probably been due to the fact that these structures have
generally been loosely constructed, allowing the free circulation of
air which has dried out the manure. We have already scen the losses
caused by dry fermentation. On this account barn cellars, so common
in New England, possess decided ad vantages as seceptacles for manure.

F10.7.—A cheap sheltor for manure.
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The common practice of allowing swine to ¢ work over” the manure in
these cellars is a wise one, since it mixes the manure and keeps it well
packed and moist. In fact, if these cellars are provided with impervi-
ous bottoms to hold the liquid manure, this system of storing manure
is probably the most perfect practiced.

In the method practiced in France, the manure heap is under cover
and well compacted. Loam, peaty earth, or similar materials are added
to moderate fermentation. The impervious floors on which the heap
is placed, as explaincd on page 15, are so arranged that the leachings
may be collected and returned to the heap, thus keeping it modcrately
moist. To prevent mixing fresh manure with old, two floors are pro-
vided, so that the manure on one may ferment undisturbed while the
other is used.

The method in which the manure is carried regularly from the stable
and placed in shallow pits with impervious bottoms, where it is closely
packed by allowing animals to run over it, is practiced to a consider-
able extent both in this country and in Europe, and, as recent experi-
ments at the Pennsylvania Station indicate, it is probably as safe a
method as storing in amr open shed where no special precautions are
taken to keep the manure moist throughout. The objections to it are
that the manure is subjected to extremes of drought and moisture and
must suffer injury in consequence unless special precautions are taken
to guard against these extremes.

A third method, which originated in Europe and is practiced to some
extent in this country, is that in which the soil in the stable is removed
to a level below that of the outside and the bottoms tamped or
cemented. The manure is allowed to accumulate under the animals
until it is hauled to the fields, bedding being used in abundance. The
feeding troughs are made adjustable so that they can be raised or
lowered as required. The manure becomes highly compacted and is
kept in a favorable condition of moisture, so that fermentation pro-
eeeds slowly and uniformly. At the same time the manure is com-
Dletely protected from the action of the weather. As would naturally
be expected under the circumstances, the manure obtained is stronger
than that allowed to ferment in heaps in the ordinary way. This
method is highly regarded where it is practiced and it is claimed that
the health of the animals does not suffer.

ltis hard to,understand, however [says Storer], how the hoofs of the animals can
ilways escape the diseases that are apt to be caused by certain minute organisms
which appear to harbor in fermenting dung, and no man can tell without trial how
well the system would answer for dairy farms in this country, i. e., in the warmer
parts of it, Doubtless it would serve well enough, however, in the case of fatten-
Ing cattle,

Whatcver the system adopted, the following general rules should be
observed in the storage of manure: (1) Spread the manure out uni-
formly; (2) guard as muech as possible against the access of air; (3)
keep the manure always moist, but not too wet; (4) protect the heap
from sunshine.
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USE OF MANURE,

It is the prevailiug opinion of ehemists as well as practieal men that
where it is praetieable it is best to apply manure and urine to the soil
in the freshest possible condition. The fertilizing constituents of well.
rotted manure, as already explained, are more quickly available to
plants; the manure itself isless bnlky, easier to distribute, and affords
a good breeding plaece for organisms whieh promote nitrification* in
the soil; and is less likely to promote rank growth than fresh manure,
On the other hand, fresh manure mixed with the soil readily under-
goes a fermentation which not only increases the availability of its
own fertilizing constituents, but also assists in rendering soluble the
litherto insoluble fertilizing constituents of the soil. In faet, even
with special precautions to prevent injurious fermentation under the
feet of tlie animals and in the heap, the greatest return is likely to be
gotten from nanure applied in the fresh eondition.

The form in whieh manure should be applied (whether fresh or
rotted) is determined largely by the soil on which it is to be used. If
improvement of tlie meehanieal eondition is the main object sought,
the best results will be obtained by applying the fresh manure to the
heavy clay soils, and the well-rotted manure to the light soils, If, how-
ever, tlie promnpt aetion of the fertilizing constituents of the manureis
desircd, light soils, in a favorable season, are likely to utilize coarse
mannre to better advantage than heavy soils. Decomposition takes
place slowly in heavy soils and the constituents of the fresh manure
beeome available very slowly. In light soils, on the other hand, unless
the season is dry, the eonditions are sueh that the manure deeomposes
readily, and the fertilizing constituents are probably rendered available
as fast as the plant needs them. There is also eonsiderable danger on
this elass of soils that some of the soluble eonstituents will be carried
away in the drainage if well-rotted manure is applied. TFor this reason
sueli manure should be applied to light soils shortly before it is likely
to be nceded by thie crop. Small applications at frequent intervals is
safe rule to follow on these soils. In general, it may be said that for
spring application the more readily available rotted manure is prefer-
able to the fresh unrotted material.

On clay soils it often happens that manure produees no effeet what-
ever during the first year on account of slowness of decowmposition,
but sinee the clay possesses very powerful absorptive properties the
manure is not lost. The fertilizing coustituents are retaincd in the
soil and are finally utilized by the erop. There is therefore no danger
in applying to clay soils large quantities of manure a long while in

*Nltnﬁcatlon is the precess by whieh the highly available mtratos are fermed
from the less active nitrogen of organic matter, ammonia salts, ete. It is due to the
aotion of minute microscepic organisms which develop only in the presence of aif)
moisture, and a basic substance such as lime or an alkaline carbonate.
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advance of the planting of the crop. During dry seasons the manure
may produce little effect, but with a sufficient amount of moisture its
action is likely to be considerable. The application to such soils of
large quantities of manure imnproves their physical condition, and by
the addition of humus renders more porous those which are too com-
pact.

The behavior of calcarcous soils toward manure is very variable,
depending upon the compactness of the soil. In those which are snffi-
ciently porous decomposition goes on with great rapidity, and the sol-
uble fertilizing constituents formed are partially carried away in the
drainage water before they can be taken up by the plants. For this
reason, as in case of light soils, the manure should be applied in small
amounts and at frequent intervals.

The climate also may have an important bearing on this subject. In
awarm, damp elimate it is a 1natter of comparative indifference whether
the manure is fresh or well rotted when it is applied, since under these
conditions decomposition in the soil will be sufficiently rapid. In a
dry, hot season, however, it is well known that excessive applications
of nndecomposed manure manifest a tendency to “burn ont” the soil,
and this tendency, as has just been stated, is nore marked in light
soils than in heavy. In cold climates, where the season is short and
the conditions for rapid fermentation in the soil unfavorable, the use
of fermented manure is preferable.

Fresh manure has a forcing effect and tends to produce stems and
leaves at the expense of fruit and grain. It is thercfore better for
grasses and forage plants thau for cereals.

Direct application of manure, as is well known, seriously injures the
quality of tobacco, sugar beets, and potatoes, although 1nangel-wurzels
appear to profit by large applications. For these reasons it is advis-
able in the case of cereals, tobacco, potatoes, and sugar beets to apply
the manure to the previous crop, or, where land is to be planted in the
spring, to apply in the fall and allow to decompose during the winter.
Sir J. B. Lawes has pointed out, however, that wheat on light soil is
benefited by direct applications of manure, and that it is only on heavy
s01ls that it is best to apply it to the preceding crop.

“Manifestly,” as Storer remarks, ¢ the rankness of fresh dung and
urine could be controlled and utilized by applying the manure in small
quantities and supplementing it with artificial fertilizers of kinds appro.
priate to the crops that are to be grown.”

What has been said above negarding the application of fresh manure
applies especially to manure coutaining only smnall amounts of coarse
undecomposed litter. It is not generally advisable to apply very
coarse manure before the litter has become at lcast partially decom-
posed.

It appears, therefore, that no fixed rnles rcgarding the condition in
which manure should be used which will apply to all cases can be laid
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down, It is a matter which natnrally must be left largely to the indi-
vidual judgment of the farmer, based upon a careful study of the char.
acter of the soil and climate and the requirements of the crop to be
grown,

METIIODS OF APPLYING MANURE

In applying manure to the field three methods are pursned: (1) The
manure is placed in larger or smaller lieaps over the field and allowed
to remain some time before being spread; (2) it is broadcasted and
allowed to lie on the surface for some time, or plowed in immediately,
and (3) it is applied in the hill or drill with the seed.

The first method is objectionable, becanse it increases labor of hand-
ling and chances of loss by fermentation and leaching, while uniform
distribution of the manure is not likely to be secured. The spots on
which the heaps stand are strongly mannred with the leachings of the
manure, while the rest of the field receives the coarse parts of the
mannre largely deprived of its valuable constituents, Another disad-
vautage of this method is that proper fernnentation is interfered with by
the leaching out of the nitrogenous imnatter and the drying action of
the wind. The practice of storing manure in large heaps in the field
is subject to some extent to the same objections. If, however, the heap
is not allowed to lie too long and is carefully covered with earth the
loss may be greatly reduced.

Spreading thie mannre and allowing it to lie on the surface should be
practiced only on level fields where there is no danger from surface
washing. It Las been claimed that when manure is spread broadcast
aud allowed to lie on the surfaee there may be a serious loss of ammo-
nia into the air, but experiments have shown that, in case of properly
prepared manure, loss fromn this cause must be very sinall. Ou a leachy
soil there may be a loss of soluble constituents in the drainage if the
manure is spread a long while before the crop is planted, but in ordinary
practice the loss from this source is also likely to be insignificant. In
this method of application the fertilizing eonstituents of the manure
are uniformly distributed, the liquid portion being gradually and thor-
oughly incorporated with the soil particles. One serious disadvantage,
however, of the mcthod is that the manure before being plowed in i8
leached to a large extent of its soluble nitrogenous compounds, which,
as we have already observed, are necessary for fermeutation; and that
for this rcason it does not so readily ferment in the soil. It is highly
advisable, therefore, il the case of light or sandy soils, not to follow
this practice, but to plow the manure in as soon as spread.

As to the depth to which it is advisable to plow the manure in, the
general rule should be observed that it should not be so deep as to pre-
vent the access of sufficient moisture and air to insure fermentation
and nitrification and to permit of rapid washing down of nitrates to
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the drain. In very compact soils the depth should not exceed 4 inches,
In light soils this depth may be considerably inereased, although in
such soils there is more danger of loss by drainage than with heavy
clay soils.

Application in the hill or drill is useful where the supply of manure
is limited and the full immediate effect is desired. For forcing truck
crops this method is especially valuable, Well-rotted manure is best
snited to this method of applieation. It has been elaimed, however,
that manure applied in this way sometimes injures the appearance of
root erops, especially potatoes, by increasing the amount of scab.

The so-called parking system, or feeding animals on the land, is a
method of application which has many advantages; but the distribu-
tion of the manure by this system is irregular, and if practiced in
autumn or winter the manure is subject to loss by drainage.

The application of liquid manure has certain obvious advantages, and
is largely practiced, especially in Burope, Manureleachingsis a quick-
acting, forcing manure, and is especially valuable for grass. The
expenseof cisterns for eollecting the leachings and the trouble of hauling
and distributing, togethier with the care which must be exereised to
prevent loss of nitrogen from the rcadily fermentable liquid when it
stands for any length of time, render it doubtful whether this method
is practicable except for special purposes and under peculiar conditions.

RATE OF APPLICATION,

As to the rate at which manure slhiould be applied no fixed rules can
be given. The rate will depend upon the character of the soil, the qual-
ity of the manure, the nature of the crop, and the frequeney of appli-
cation. Cold moist soils should be manured lightly and often. Thaer,
aGerman writer, states 17 to 18 tons per acre to be an abundant appli-
cation, 14 tons good, and 8 to 9 light; cther German writers eonsider
7t0 10 tons light, 12 to 18 tons usual, 20 tons or more heavy, and 30
tons very heavy. Stephens suggests 8 to 12 tons for roots and 15 to
20 tons supplemented by commercial fertilizers for potatoes. Sir Henry
Gilbert considers 14 tons per acre annually excessive for wheat and
barley. In New England the rate varies from 6 to 12 tons. Twenty
tons is a frequent application in New Jersey, as well asin other regions
where truck farming is practiced. As a general rule it is more scien-
tific to apply small amounts of manure frequently than to apply large
amounts at longer intervals.

COMBINING BARNYARD MANURE WITH OTHER FERTILIZING MATE-
1 RIALS.

It has been the general experience that probably the best way to
utilize barnyard manure is in combination with such materials as sup-
Dlement and conserve its fertilizing constituents. It has already been
pointed out how certain substances, such as kainitand superphosphate,
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which possess a high fertilizing value, may also be used to advantage
as preservatives on account of their ability to check fermentation or to
fix ammonia. Even the limited extent to which it is necessary to use
these 1naterials in the stable will improve the fertilizing value of the
manure, but it is necessary to do more than thisif a well-balanced
fertilizer is desired, for, as has been shown, barnyard manure con.
sidered simply as a supplier of nitrogeu, phosphoric acid, and potash
is comparatively poor. It has been shown that the proportions of pot-
ash and phosploric acid especially are low. The potash, however, is
in a very available form and does not necd to be reénforced to the
same extent as the much less available phosphorie acid.

Although nitrogen is the constituent most abundant in manure it
hasbeen found thatin order to gct the best results in general it should
be reénforced if prompt action is desired. This is explained by the fact
that a large part of the nitrogen of manure is very slowly available,
Sir Henry Gilbert says on this point:

The nitrogon of farmyard manure must obviously exist in very different condi-
tions. That due to the urine of animals will bo most rapidly available, that in the
finely divided mattor in tho foces will bo much more slowly available, and that in
the littor still moro slowly availablo. Hence, tho small proportion that is at once

offectivo and tho very large amount that aocumulates witbin thosoilin a very slowly
available condition,

Experiments at Rothamsted indicate that the nitrogen of barnyard
manure is not half as valuable, weight for weight, as that of sulphate
of amnnonia,

‘What has been said about supplementing barnyard manure with
more concentrated fertilizing waterials should not be taken to imply
that the two kinds of fertilizers should neccssarily be composted or
applied at the same time. It may be desirable to apply the manure at
intervals of several ycars, while the concentrated fertilizers would need
to be applied annually. However this may be, the facts above given
should be borne in 1ind in applying the supplementary fertilizers.

Whether the farmer can afford to incur the necessary labor and
expense involved in the preparation of composts is a question on
which there is considerable difference of opinion. This is a matter
which must be determined largely by individual needs and conditions,
but undoubtedly the manure heap may be utilized to advantage for
such purposes as reducing bones and other waste products of the farm
and for “Kkilling” cotton sced before it is applied to the soil.

In preparing composts the following directions should be observed:
Seclect a Jevel spot under shelter and convenient to the stables. Remove
the earth so as to give a gentle slope from the sides toward the center.
It is advisable to tamp the floor of this pit firmly or cover it with pud-
dled clay to prevent loss of lcachings. It is also well to have a small
drain leading from the center to the side and emptying into a half bar-
rel sunk in the earth. By this means the valuable leachings may be
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collected and bailed out and sprinkled over the heap, thus assisting
materially in promoting a moderate and uniform fermentation of the
manure. It is not necessary, however, to provide for this collecting of
the leachings if in the construction of the heap the precaution is taken
to lay down first a fairly thick layer of the absorbent materials, such
as barnyard manure, peat, etc., which it is intended to use. Put down
first a layer of these materials then follow with a layer of acid phos-
phate, for instance, and so on until all the materials are used, wetting
each layer thoroughly first with water or urine if it is at hand, aud
finally with kainit, or other chemicals used dissolved in water. It is
well to have at hand a mixture of peaty earth and plaster with which
the finished heap is covered to a depth of about 1inch. The heap
should be examincd from time to time and moistened with manure
leachings, urine, or water if there appears to be any danger of over-
heating. In from four to six weeks the compost is ready to be forked
over, thoroughly mixed, and carried to the field.

The following formulas for composts in which barnyard manure is
one constitnent have been recommended and in many cases have been
tried with favorable results.

Formulas for cotion.

No.1.* No. 2. No. 8., | No.4. | No.5. No. 6.

Pounds. | Pounds, | Pounds. Pou?%:). Pounds. | Pounds.

Stalle MANUre...ooeveiaraiieaeaaaaaaas 750 750 400 800 1,000
Cotton seed ... . ... - Rececceacannes- .. 760 760 800 600 600 1,000
Acid phosphate. .......... . 3334 500 800 750/1) ST 1,000
DT PRSPPI APPPRR NRPPPRPIEY R SPPPPPU 750 |.. .
Kainit ....... 1664 .......... 200
Rate POr8ere ceeeeeeie i iiiaeiiiaiannnn 1, 600 [ 1, 600 1, 000

*Furman's formula.
{Found especially effective in oxporiments on cotton.

Formulas for cotton and corn.

No.7. No. 8. | No. 9. No. 10. | No.11. | No.12,

Pounds. | Pounds.| Pounds.| Pounds.
000 000 [ceeveneean 000

Pounds. | Pounds-
Stable manure .. ..o.iiiieiciiieeains 80 500
Stabls msnnre with yard serapings
COttOD 8OO .. v ceee e veae wocnnaaanns
Cotton-seed meal or fish scrap -
Acid phosphate.............
Acid {)hos hate or bone meal
Dissolved bone,. .. ..

Sulphate of ammon:
e

18 POL 0L . e vee e ceneenerneneccaeancn 300-500 | .300-500 |eeeeneeenaeeemaeann oon PO B

*When applied to corn on worn soil should be supplemented by 75 pounds of mnriate of potash por
are; when nsed on wheat by 50 pounds of snlphate of potash and by 100 pounds of nitrate of soda

402 hroadoast in the spring.
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Formulas for winter wheat, rye, corn, and cotton.

No.13. | No. .

Pounds. Pounds.
700

Barnyard mannre .

Cotton seed . '00
Castor poumco 700
Dissolved bonebla 1) 600
Dissolved bono moal.. .. . . 500 [.....c......,
Rate POr BCr®..ccovt oottt iiiit it ireit it it et eiiieeraraeiaas 500-800 500-800

Formulas for wheat, oats, or rye.

No.15. | No.16. | No. 17. | No, 18.

Pounda. | Pounds.| Pounds. | Pounds.
00 600 600

Stable MANUIB. .. voeeeneiaie e iiiiiiiieieiiieeriieiaeeenns
Stable manure or any rich earth or mold
Cottongeed.........oouiieeii ittt
(,ottoln -seed meal .

Murlate of potash ..

Acid phiosphate ....coiiiiiiiiiiiiiiieiiiaiiiicennnnes
Acld phoaphate or bone moal.
Sulphate of ammonia .....oo.ooieiiiiiii il R
Dry muck orother rich earth ................o.iiolLl

No.19. | No.20.

Pounda. | Pounds.
- 900

SHANIL MANUIe. ceveriieeeeenereiiieiiioeterorieeeceneseesesonrocscerassasenses
Flne horse or cow manure, rioch mold, or similar material
Acid phosphato . ...... ool i
‘Acid phosphate or dissolved bone.............ceeeeeo....
Fish seraportankage ...l
Sulphate of arnmonia.
Sulphate of potash .

Sulphate of mugnoa
Plastor (ZYPOUM) ..o ciieieeieieeieiieereieeicaaensenscnens

The following dry mixture is reconimended by the North Carolina
Station for cotton and corn:

Pounds
Acid phosphate. ... .ot i i e e e 800
Muriato of potash. ... ... i 100
Sulphato of ammonin . ... ooo i e ie i eeen e 60
Finely pulvorized mannre from henhousos, horse or cow stables.. 1,040
2,000

In experiments on tomatocs, sweet potatoes, and peaches, annual
applications of 10 tons per acre of baruyard manure, supplemented by
160 pounds of dissolved boneblack, 80 pounds of muriate of potashor
sulphate of potash, and 100 pounds of nitrate of soda, applicd sepd-

rately; and 20 tous of manure, with double the amounts of the other
materials, have given good results.

The fermenting of peat with stable manure was formerly practiced
to a considerable exteut. Where such a compost is desired the mate-
rials should be laid down in alternate layers in the proportion of about
five parts of peat to one of manure.
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LASTING OR CUMULATIVE EFFEGT OF BARNYARD MANURE.

Barnyard manure is probably the most ecfficient means at the dis-
posalof the farmer to permanently improve his soil. Noother fertilizer
possesses to 8o great a degree the power of restoring worn soils to pro-
ductiveness and giving them lasting fertility., It accomplishes this
result, however, not so much by the actual fertilizing constituents which
it supplies as by improving the physical properties of the soil, increas-
ing the amount of humus, which is generally deficient in worn soils,
improving its texture, and incrcasing its water-absorbing and water-
holding power. Iixperiments have shown that the influence of mannure
may be perccptible twenty years after application. Observations at
Rothamsted, England, during forty years on barley unmanured, manuved
continuously, and manured during the first twenty years only showed
that “there was gradual exhaustion and reduetion of produce without
manure, and gradual accumulation and inerease of produce with the
annual application of farmyard manure. But when the application was
stopped, althongh the effcct of the residue from the previous applica-
tions was very marked, it somewhat rapidly diminished, notwithstand-
ing that caleulation showed an enormous aceumulation of nitrogen as
well as other constituents.”

The yield, however, was maintained for twenty years considerably
higher than that on thie unmanured soil. Continuous manuring of
wheat at the rate of 14 tons per acre annually for forty ycars resulted
in an average increase of yield from year to year of one-fourth bushel
per aere, or a total of about 10 bushels in forty years, While it is true
that there is a constant increase in the productiveness of soil on which
harnyard manure is applied regularly, it is not as great as the amounts
applied would sccm to justify., This is chiefly due to the fact, already
explained, that the nitrogen is largely converted into slowly available
forms,

SUMMARY,

(1) Barnyard manure is the most important manurial resource of
the farm and should be carefully saved and used. It represents fer-
tility dcawn from the soil and must be returned to it if prodnetiveness
is to be maintained. In many eases it has been demonstrated that the
value of the manure obtained in cattle feeding represents largely, if
not entirely, the profit of feeding.

(2) There are souud scientific reasons for the high esteem in which
this manure is held. It contains all the fertilizing elements required
by plants in forms that insure plentiful crops and permanent fertility
to the soil. It not only enriclies the soil with the nitrogen, phosphorie
acid, and potash which it contains, but it also renders the stored-up
Materials of the soil more available, improves the mechanical condition
of the soil, makes it warmer, and enables it to retain more moisture or
1 draw it up from below.
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(3) The amount and value of manure produced by different kinds of
farm animals may be judged from the following figures, calculated to
1,000 pounds of live weight: Sheep, 34.1 pounds of manure per day,
worth 7.2 eents; calves, 67.8 pounds, worth 6.7 cents; pigs, 83.6 pounds,
worth 16.7 cents; cows, 74.1 pounds, worth 8 cents, and horscs 48.8
pounds, worth 7.6 cents, baging calculations of value on market prices
of commercial fertilizers, which probably gives results much too high,
Making liberal allowances for these and other considerations, Prof,
Roberts estimates that the value of the manure produced on a small
farm earrying 4 horscs, 20 cows, 50 sheep, and 10 pigs during the seven
winter months amounts to about $250.

(4) The urine is by far the most valuable part of the excreta of ani-
mals, It is especially rich in readily available nitrogen, which rapidly
escapes into the air if special precautions are not taken to prevent its
loss. Itis also rich in potash, but deficient in phosphoric acid. It
should, as arule, be used in connection with the solid dung, the one thus
supplying the deficiences of the other and making a more evenly bal
anced manure.

(6) Barnyard manure is a very variable substance. The more
important conditions whieh determine its eomposition and value aro
(1) age and kind of animal, (2) quantity and quality of food, (3) propor-
tion of litter, and (4) method of management and age. Mixed barnyard
manure propcrly carcd for may be assumed to have the following com-
position: Water, 76 per cent; nitrogen, 0.57 per cent; phosphoric acid,
0.3 per cent; potash, 0.57 per cent.

(6) Mature animals, neither gaining nor losing weight, excrete practi-
eally all the fertilizing eonstituents consumed in the food. Growing
animals and milch cows excrete from 50 to 75 per cent of the fertilizing
constituents of the food; fattening or working animals from 90 to 93
per cent. Asregards the fertilizing value of equal weights of manure
in its normal condition, farm animals probably stand in the following
order: Poultry, sheep, pigs, horses, cows.

(7) Ina given class of animals the value of the manure is determined
more by the nature of the food than by any other factor. The amounts
of fertilizing constituents in the manure stand in direct relation to
thosein the food. Asregardsthe value of manure produced the concen-
trated feeding stuffs, such as meat scrap, cotton-sced meal,linseed meal,
and wheat bran stand first, the leguminouns plants (clover, peas, etc.)
seeond, the grasses third, cereals (oats, corn, ete.) fourtls, and root crops,
such as turnips, bects, and mangel-wurzels last.

The nitrogen of the food exerts a greater influence on the quality of
the manure than any other constituent. It is the most costly fertilizing
constituent, and is present in largest quantity. It undergoes niore
modification in the animal stomach: than the mineral constituents
(potash and phosphoric acid), and rapidly escapes from the manure
in fermentation. The secretion of urine increases with the inerease
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of nitrogenous substances in the food, thus necessitating the use
of larger amounts of litter and affecting both the amount and value
of the manure. The use of watery foods, as is obvious, produces the
same result. ‘

(8) The deterioration of manure results from two chief causes, (a)
fermentation, whereby nitrogen, either as ammonia or in the gaseous
gtate, is set free, and () weathering or lecaching, which involves a loss
of the soluble fertilizing constituents. The loss from destructive
fermentation may be almost entirely prevented by the use of proper
sbsorbents and preservatives, sueh as gypsum, superphosphate, and
kainit, and by keeping the manure moist and compact. Loss from
leaching may be prevented by storage under eover or in pits, Extremes
of moisture and temperature are to be avoided, and uniform and mod-
erate fermentation is the object to be sought. To this end it is advis-
able to mix the manure from the different animals thoroughly in the
heap.

{9) When practicable it is best to apply manure in the fresh condition.
The disposition to be made of the manure of the farm (both fermented
and unfermented) must be determined largely by the nature of the crop
and soil. Where improvement of the meehauical eondition of the soil
is the principal object sought, fresh manure is best adapted for this
purpose to heavy soils and well-rotted manure to light soils. Where
prompt action of the fertilizing constituents is desired, the best results
will probably be obtained by applying fresh manure to the light soils,
although exeessive applieations in this case should beavoidedon account
of the danger of ‘“burning out” of the soil in dry scasons. Fresh
manure has a foreing effect, and is better suited to grasses and forage
plants than to plants grown for seed, such as cereals. Direct applica-
tions to root crops, such as sugar beets, potatoes, or tobacco, often prove
injurious. The manure should be spread when carried to the field, and
not left in heaps to leach.

The rate of application must be determined by individual circum-
stances, As a rule it is better to manure lightly and frequently than
to apply a large amount at longer intervals,

(10) One of the best ways to utilize barnyard manure is to combine
it with such materials as supplement and couserve its fertilizing eon-
stitnents. The best results are likely to be obtained by using com-
mercial fortilizing materialsin connection with barnyard manure, either
in compost or separately. As is well known, barnyard manure is last.
ing in its effects, and in many cases need not be applied so frequently
a8 the more soluble and quick-aeting superphosphates, petash and
nitrogen salts, etc.
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FARMERS’' BULLETINS.

These bulletins are sent free of charge to any address npon application to the
Sccrotury of Agriculture. Washington, D. C.  Only the following are availalile (o
distribution: .

No. I5. Some Deetructive Potato Disenses: What They Aro and How to Prevent Them. Pp, 8,
No. 18. Loguminons Plants for Groen Munnring end for Feeding. Pp. 24,

No. 18, Forage Piants for tho South. Dp. 30.

No. 19, lmportant Insecticides: Directions for Their Preperation and Use. Pp. 20,
No. 2I. Bnrn?mrd Manure. Pp. 82,

No. 22, Feeding Farmt Animsis, Pp.32.

No. 28, Foods: Nutritive Vaiue und Cost. Pp.32.

No. 24, Hog Cholora nnd 8wine Piague. Pp. 18

No. 25, Poanuts: Culture and Uses. I'p. 24.

No. 26. Sweet Potatoes: Culture and ['ses. Pp.30.

No. 27. Flax for Seed and Fiber. Pp.10.

No. 23. Weede; anil How to Kill Them. Pp.30.

No. 20. Souring of Mlik, and Other Cbanges in Miik Producte. Pp.23.

No. 30. Grepe Disenece on tiie Pacitlc Conet. P’p. 16,

No. 81. Allatfa, or Lucern. IPp.23. *
No. 32, Siios and Siiage. Pp. 3l

No. 33. Peacli Growing for Market. Pp.24.

No. 34. Meets: Composition and Cooking. TPp. 20,

No. 85. Potato Cuitare. Pp.28,

No. 36, Cottan Seed and 1ts Products, Pp.16.

No. 37. Kellr Corn: Characteristics, Cnlture, and Uses. TPp. 12,

No. 38, Spraying for ¥Fruit Diseases, Pp.12.

No. 30, Onion Cuitnre. I‘!}.l. 3L

No. 40. Farm Drainage. Pp. 24,

No. 41. Fowls: Caro and J.«‘eeding. Pp. 24,

No. 42. Facts About Miik. Pp,20.

No. 43. Sewage Disposal on the Farm. Pp. 22,

No. 44. Commercial Fertilizers. Pp. 24,

No. 45, Some Insecte Injurions to Stored Grain. Pp. 32,

No. 40. Irrigation in Ifumid Ciimates. Pp.27.

No. 47. Insecta Ailecting the Cotton Piant. P'p.32.

No. 48. The Manuring ot Cotton. Pp.186.

No. 49. Shee‘)l Feeding. Pp.24.

No. 50. Sorghunr as a Forage Crop. Pp.24.

No. 51. Standard Varieties ot' Chiekens. Pp.4s,

No. 52. The Sugar Beet. Pp. 48,

No. 53. llow to Grow Mushrooms. I’g. 20.

No. 54. Some Common Birds in Their Relation to Agricultnre. Pp. 46,

No. 55. The Dairy Herd: 1ts Formation and Management. Pp. 24,

No. 56. Experiment Stetion Work—1, Ip. 30.

No. 57. Butter Making on the Farm. Pp. 15,

No. 58. The Soy Bean as a Forage Crop. Ip. 24,

No. 59, Bee Keeping. Pp.82.

No. 60. Methods of Curing Tobacco. Pp. I0. .

No. 01, Asparagus Culture. Pp. 40.

No. 62, Marketing Farm Produce. Pp, 28.
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No. 05, Experiment Station Work~—1Ll. Pp. 32,
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